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We study N and ∆ hidden-charm baryon resonances that are generated dynamically from
the s-wave interaction of pseudoscalar and vector mesons with 1/2+ and 3/2+ baryons.
We use a unitary coupled-channels model that fulfills heavy-quark spin symmetry and
respects spin-flavor symmetry in the light sector. We predict seven N -like and five ∆-like
states with masses around 4 GeV, most of them as bound states. Some of these states
form heavy-quark spin multiplets, which are almost degenerate in mass.
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1. Introduction
The possible observation of new states with the charm degree of freedom has at-
tracted a lot of attention over the past years in connection with past and on-going
experiments such as CLEO, Belle, BABAR 1, and planned PANDA and CBM exper-
iments at FAIR 2. In this regard, it is important to understand the nature of possible
new states, e.g. whether baryon resonances can be interpreted as three-quark states
or molecular states. The attention of the theoretical community has turned to-
wards predicting features of possible hidden-charm states. Such baryon states were
studied using zero-range vector exchange models 3, hidden-gauge formalism 4, and
constituent-quark model 5. Recently, hidden-charm baryon resonances were studied
within the unitarized model in coupled channels, that uses the Weinberg-Tomozawa
(WT) potential extended to the SU(8) spin-flavor symmetry and appropriately mod-
ified to respect heavy-quark spin symmetry (HQSS) 6. Here we review some results
of this last work.
2. Theoretical Framework
We start with the extension of the WT interaction to SU(8) spin-flavor symmetry.
The corresponding Hamiltonian for number of flavors NF and number of colors 3
reads 7
HsfWT(x) = −
i
4f2
: [Φ, ∂0Φ]
A
BB†ACDBBCD :, A,B, . . . = 1, . . . , 2NF , (1)
where ΦAB(x) is the meson field, which contains the fields of 0
− (pseudoscalar) and
1− (vector) mesons, and BABC is a completely symmetric tensor, which contains
fields the lowest-lying baryons with JP = 12
+
and 32
+
. The Hamiltonian incorporates
two distinct mechanisms: the exchange part Hex, in which a quark is transferred
from the meson to the baryon, as another one is transferred from baryon to meson;
and the annihilation-creation Hac mechanism, where an antiquark in the meson
annihilates with a similar quark in the baryon, with subsequent creation of a quark
and an antiquark. The Hac can violate HQSS when the annihilation or creation of
qq¯ pairs involve heavy quarks, as in the heavy-quark limit the number of charm
quarks and the number of charm antiquarks are separately conserved (implying
Uc(1)×Uc¯(1)). The HQSS group, which also includes a group of separate rotations of
the c quark and c¯ antiquark, reads as SUc(2)×SUc¯(2)×Uc(1)×Uc¯(1). In the hidden-
charm sectors, where in Hac the annihilated and created antiquark is necessarily c¯,
we simply remove the offending annihilation-creation part of the Hamiltonian 6.
As baryon resonances appear as poles of the scattering amplitude, we calculate
the latter by solving the on-shell Bethe-Salpeter equation in coupled channels. The
poles of the scattering amplitude on the first Riemann sheet that appear on the real
axis below threshold are bound states, and the ones in the second Riemann sheet
below the real axis and above threshold are identified with resonances Often we
refer to all poles generically as resonances, regardless of their concrete nature, since
usually they can decay through other channels not included in the model space.
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The WT potential with HQSS constraints possesses SU(6) × HQSS symmetry
(SU(6) is the spin-flavor symmetry for the three light flavors). We break this sym-
metry adiabatically, by implementing the physical hadron masses and meson decay
constants, following the chain SU(6)×HQSS→ SU(3)×HQSS→ SU(2)×HQSS→
SU(2), where SU(3) is the flavor symmetry and the SU(2) is the isospin symmetry.
In this way we could follow the evolution of the poles while breaking the symmetry
and classify the found states under the corresponding group multiplets 6.
3. Dynamically-generated N and ∆ states
ò D, H104 L2,0Ì562,0 , J=32, weakly bound
æ D, H104 L2,0Ì562,0 , J=12, weakly bound
ò D, H102 L2,0Ì702,0 , J=32
æ D, H102 L2,0Ì702,0 , J=12
à N, H84 L2,0Ì702,0 , J=52
ò N, H84 L2,0Ì702,0 , J=32
ò N, H82 L2,0Ì702,0 , J=32
æ N, H84 L2,0Ì702,0 , J=12
æ N, H82 L2,0Ì702,0 , J=12
Thresholds
ç H104 L2,0Ì562,0 , weakly bound
ç H102 L2,0Ì702,0
ç H82 L2,0Ì562,0 , weakly bound
ç H84 L2,0Ì702,0
ç H82 L2,0Ì702,0
Fig. 1. Evolution of the poles as symmetries, starting from SU(6)×HQSS, are sequentially broken
to reach the isospin symmetric final crypto-exotic N and ∆ odd-parity resonances. The lower index
of the final states stands for the spin J of the corresponding resonance. The thresholds (red dashed
lines) are marked together with the respective baryon-meson channel. The SU(6) × HQSS labels
702,0 and 562,0, and the SU(3) × HQSS labels [(82)2,0, (84)2,0, (102)2,0, (104)2,0] are also
shown at the corresponding symmetric points.
There are two attractive representations in the hidden-charm sector with C = 0,
562,0 and 702,0, where the first index stands for 2Jc + 1, with Jc being the spin
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of the charm quark, and the second index is the total charm. The evolution of the
poles that correspond to the N and ∆ resonances is shown Fig. 1. The masses of
the final states and their spins J can also be found on the figure. We find three N1/2
(the lower index indicates J), three N3/2, and one N5/2, with masses between 3918
and 4027 MeV. Some of the states are degenerated when the HQSS is unbroken,
thus forming the HQSS multiplets, as can be seen from the Fig. 1. Almost all found
N resonances are bound states, excluding N1/2(3926) which has a small width of
0.1 MeV, and N1/2(3974), with a width of 2.8 MeV.
The N resonances studied in the zero-range vector exchange model 3 are about
500 MeV lighter than those found in our model. The hidden-gauge formalism pre-
dicts these masses to be about 400 MeV larger 4, however this difference comes
mostly from using a different renormalization prescription 8. Our results are close
to those predicted by the chiral interaction, studied in the constituent quark model
of Ref. 5, whereas the instanton-induced interaction and color-magnetic interaction
produce higher masses for the resonances 5.
Further, we find three ∆1/2 and two ∆3/2 bound states. Two of them, ∆1/2(4306)
and ∆3/2(4307), which stem from the 562,0 representation, appear as cusps in the
scattering amplitude.
4. Summary
We use a suitable broken SU(8) spin-flavor extended WT potential for studying the
hidden-charm N and ∆ resonances. Heavy-quark symmetry is enforced by removing
heavy quark-antiquark annihilation-creation mechanisms that would violate this
symmetry. Our model predicts the existence of seven N states, and five ∆ states,
with masses around 3.9-4.3 GeV. These results can be compared with the predictions
of other models, and can be tested in the future PANDA and CBM experiments at
FAIR facility.
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